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© A plant for robot operations. 



© A plant for robot operations comprising a robot 
(2) disposed on a stand (1) and a plurality of work 
stations (3) served by the robot (2), the operating 
arm (4) of the robot (2) being movable to each work 
station (3) from a starting position at the carrying 
body (5} of the robot, According to the invention the 
plant comprises a barrier {8) defining a first space 
(6), in which the robot (2) is located, and a second 
space (7), in which the work stations (3) are located. 
The barrier (8) has sufficient strength to be impen- 
etrable to the robot (2), and It includes hatches (10) 
disposed opposite each work station (3), each hatch 
«*"(10) closing an opening (9) through which the operat- 
^£ ing arm (4) of the robot (2) is movable to serve the 
ggwork station {3} when the hatch (10) has been 
IN moved aside. 
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A plant for robot operations 



The present invention relates to a plant for 
robot operations comprising a robot disposed on a 
stand, and a plurality of work stations served by 
the robot, the operating arm of said robot being 
movable to each work station from a starting posi- 
tion at the carrying body of the robot. 

Robots are conventionally located on the floor 
m the middle of a plant for robot operations, i.e. an 
operating area including the work stations. An alter- 
native is to suspend the robot over the operating 
area For reasons of safety in both cases guards 
are required which surround the operating area and 
the robot and work stations therein. The safety 
guard has one or more gates allowing access to 
the operating area for repairs and maintenance. For 
reasons of safety the robot must then be switched 
off and all activity dependent thereon in the operat- 
ing area must cease. Thus, if a small detail needs 
adiustment in one of the work stations, all robot 
activity must be stopped. This means that the 
production rate in the operating area is on average 
rather low. and is uneven and difficult to plan. 
Furthermore, obviously it is not possible to main- 
tain production manually at any work station since 
this would require access to the operating area 
whereby the entire plant must be stopped for rea- 
sons of safety. The safety problems with the use of 
industrial robots have been discussed in Sympo- 
sium on Industrial Robots. 7th International Con- 
ference on Industrial Robot Technology. Edited by 
N. Martensson. pages 119-129. The solutions for 
safety systems suggested in this article do not 
suggest the conception of the present invention. 

The obiect of the invention is to eliminate the 
drawbacks mentioned above and provide a plant 
for robot operations which is highly flexible with 
respect to operation, repairs, service and main- 
tenance, without neglecting safety precautions in 
the use of a robot serving primarily a plurality of 
work stations,. 

The novelty of the invention lies substantially in 
that the plant comprises a barrier defining a first 
space, m which the robot is located, and a second 
space, m which the work stations are located, that 
the barrier has sufficient strength to be impen- 
etrable to the robot, and that the barrier includes 
hatches disposed opposite each work station, each 
hatch closing an opening through which the operat- 
ing arm of the robot is movable to serve the work 
station when the hatch has been moved aside. 

The robot may be moved in cartesian coordi- 
nates, e g. as m she case of a portal robot, or in 
polar coordinates as in the case of a polar robot. 
The work stations may be of widely differing type, 
such as those occurring in machine workshops. 



assembly workshops, slaughter-houses, bakeries, 
textile factories, etc. and may thus be used for 
manufacture, assembly, dismantling, cutting, in- 
spection, checking, storage, and so on. 
s The invention will be explained further with 

reference to the accompanying drawings. 

Figure 1 shows schematically from the side 
a plant according to the invention with a porta! 
robot and four work stations arranged one after the 
io other- 
Figure 2 shows schematically from the side 
the plant according to the invention with a polar 
robot and two work stations disposed next to each 
other 

'= Figure 3 shows schematically from above a 

plant according to the invention with s polar robot 
and five work stations disposed along a circular 
arc. 

Figure 4 shows the operating arm of a ports! 

so robot m the form of a telescope arm according to 
the present invention 

each of the plants shown in Figures 1 to 3 
comprises a robot Z mounted on a stand 1, and s 
number o? work stations 3 served by the robot 2, 

?5 the operating arm 4 of the robot being movable to 
each work station 3 from a starting position near 
ths carrying body 5 of the robot, 

in order to be able to serve several work sta- 
tions, such as a group of machines or assembly 

30 stations, or supply matenai to several places with- 
out any requirement io ciose down the entire plant 
when access is required by a person tor servicing 
for instance, according to ihe invention the work 
area of the robot is divided into two different 

35 spaces 8, 7. separated by a barrier 8 in the term of 
a safety root or safety wail. The robot 2 is disposed 
in one space 6 and is able to move freeiy within 
this space 8, limited by the work area of the robot 
2 and the barrier 8. 

■*o In ihe second space ?« below ihe safety root 

and beside the safety guard, respectively, ihe robot 
2 only has access to those piaces where there are 
openings 3 between the spaces 6, 7, 

The siM of these openings 8 !s adjusted to the 

•tt actual operation and the openings 3 are provided 
with hatches 10 and guards 11. During servicing 
the guards 11 are moved aside and the hatch 10 is 
closed, thus denying the robot 2 access. The bar- 
riers 8 have sufficient strength to prevent ihe robot 

so 3 from breaking through them. A suitable material 
is a net of wire. Such a «vire netting is thus trans- 
parent m an advantageous manner. 

Among the specific technical effects gained 
with the plant according io the present invention 
the following may be mentioned: Servicing or over- 
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hauling o; work stations can be performed also 
when the robot is automatically performing oper- 
ations in other work stations. The robot Is not In the 
way within said space, Irrespective of whether it is 
in operation or not. Area of premises is saved, and 
the safety roof with gates around the work stations 
are eliminated. Manual and automatic operations 
can be performed simultaneously in the stations 
without risk of injury to personnel. There is room 
for the distribution panel outside the robot space. 
Simplified service of the robot is achieved. 

Figure 4 of the drawings shows a telescope 
arrangement for vertical lifts, known as a z-arm, for 
a portal robot carrying tools serving one or more 
work stations, Such a telescope arrangement is 
shown schematically in Figure 1 where the operat- 
ing arm 5 is thus a vertically movable telescopic 
lifting arm. This embodiment of the invention offers 
a vertically operating portal robot arm with a tele- 
scopic lifting arm (z), which is thus able to operate 
under lower ceiling than a whole lifting arm. 

The telescopic arrangement comprises a fixed 
casing tube 21 ngidly mounted in the horizontal 
carnage 23 of the portal robot, a first telescope part 
22 (2i) running Inside the tube 2>. A second tele- 
scope part 24 (z 2 ) runs inside the first telescope 
part 22. A tool holder is designated 25 and is 
mounted on the lower end of the second telescope 
part 24, Secured to the lower portion of the second 
telescope part 24 is a continuous flexible hoisting 
means in the form of a hoisting chain or belt 26 for 
lifting. The hoisting chain or belt 26 runs over a 
tension wheei 27, a drive wheel 28, and a tension 
wheel 29 and is secured to a tension spring 30 for 
varying take-up of length. The tension spring 30 is 
mounted in the slack portion end of the hoisting 
chain or belt 28 to take up "excess length" when 
the second telescope part 24 is teiescopicaily re- 
tracted, The tension spring 30 for the hoisting chain 
or belt 28 is secured inside the first telescope part 
22 at point 31, The drive wheei 28 'or the hoisting 
chain or belt 28 can be driven by any type of 
rotating drive means, the movement of which being 
converted into a linear movement from rotation to 
translation, Two pulleys 32, mounted in the upper 
end of the first telescope part 22. are arranged for 
reverse direction of movement of the hoisting chain 
or belt 26, A pneumatic cylinder 33 with a movable 
piston joined to a piston rod 34 is disposed for 
performing retarding and propelling of the second 
telescope part 24 (up and down movement) when, 
this is to be moved In relation tc the first telescope 
part 22. The pneumatic cylinder 33 is regulated by 
an electrically controlled valve to which air enters 
one side of the piston when the second teiescope 
part 24 is to be expelled from the first telescope 
part 22. This provides a balancing or counteracting 
force which prevents the first telescope part 22 



from falling down over the second telescope part 
24 due to gravity. In this way the hoisting chain or 
belt 26 can simultaneously lower both telescope 
parts 22. 24, these then functioning as a homo- 

s genous unit. The force in the pneumatic cylinder 
33 only counterbalances the weight of the whole 
second telescope part 24, since the force in the 
hoisting chain or belt 26, which is secured to the 
second telescope part 24, holds both the load in 

io the tool holder 25 and the two telescope parts 22, 
24. Thus, during movement upwards, this entire 
unit (load, tools, telescope parts 22, 24) will be 
lifted by the hoisting chain or belt 26 until the first 
telescope part 22 is fully drawn in (upwards). The 

/s electric valve will then open by the action of a limit 
switch, whereupon the air on said piston side is 
pressed out through a throttle valve having limited 
drainage, and the second telescope part 24 will be 
compressed due to the continued pulling move- 

20 ment of the hoisting chain or belt 26 until it en- 
counters an end-position stop. The hoisting chain 
or belt 26 will then be too long and the tension 
spring 30 will adjust and automatically keep the 
chain or belt taut. The piston rod end of the pneu- 

?.s matic cylinder 33 is secured to the upper part 35 ,of 
the second telescope part 24, the upper end oTthe 
pneumatic cylinder 33 being secured to the first 
telescope part 22 at a rigid attachment device 36, 
A stop device 37 in the form of a hydraulic shock- 
so absorber is provided as end-position stop for the 
second telescope part 24 in the first tele scope part 
22 during the upward movement, A stop device 38 
in the form of a hydraulic shock-absorber is ar- 
ranged as end-position stop for the first telescope 

35 part 22 in the outer, stationary tube 21 during 
upward movement. Further, a stop device 39 in the 
form of a hydraulic shock-absorber is arranged as 
end-position stop which is common for the two 
telescope parts 22, 24 during downward move- 

fc ment. 

The outer tube 21 constitutes a stationary tele- 
scopic tube joined to the horizontal carriage 23 of 
the robot portal. The two tension wheels 27 and 29 
are mounted on one side of the tube 21. with the 

45 drive wheei 28 between them. The hoisting chain 
or belt runs between these wheels which may- 
consist of chain or teeth wheels. Any type of chains 
or Pelts can be used for the drive system, provided 
that they can be hooked onto the toothed surface 

so of the intermediate drive wheel. The condition for 
the function is that the hoisting chain or belt is not 
allowed to be secured to surfaces along the two 
independently movable telescope tubes, nor to the 
outer tube. 

55 The inner, i.e. the first, telescope part 22 con- 
sists of a tube which runs inside the outer tube 21 
via some form of slide bearings, linear bearings, 
ball bearings or runners. The outer, i.e, the second, 
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telescope part 22 consists of a tube or rod wr-ich 
runs inside the first telescope pari 22 via some 
form of slide bearings, linear bearings, bail bear- 
ings or runners. 

As mentioned, the hoisting chain or belt 26 of 
the drive system is joined at its lower end to the 
lower end of the second telescope part 24. Further, 
the hoisting chain or belt is joined to the upper end 
of the firs; telescope pan 22, in this case over two 
pulleys 32, to a tension spring. 8y means of the 
pulleys 32 the upper end of the hoisting chain or 
belt is caused to turn and run down again in the 
first telescope part 22, so that tne hoisting chain or 
belt 28 can be connected to the tension spring 30 
for compensation of length. The lower end of the 
tension spring 30 is secured to the inside of the 
first telescope part 22, This arrangement allows the 
telescoping system to function so that when the 
drive wheel 28 retracts the second telescope part 
24 into tne first telescope part 22. the tension 
spring 30 will equafize and take up the excess 
length of the hoisting chain or belt 28. This occurs 
because the total length of the hoisting chain or 
belt corresponds to the fully expelled length of the 
two telescope parts 22. 24. and this length de- 
creases as the telescope parts are drawn together. 

As mentioned, by means of the pneumatic 
cylinder 33 a balance between the two telescope 
parts 22, 24 is produced and the order -.r, which 
they shaf! telescope into each other in relation to 
the outer tube 21, In which they both run, can be 
determined. The compressive force of the pneu- 
matic cylinder 33 according to the air-piston princi- 
ple, corresponds to the entire inherent load of the 
first telescope part 22 and the force reserve cor- 
responding to the acceleration force to which this 
inherent load is equivalent. As mentioned, tfiis 
pneumatic cylinder is thus joined at its upper end 
to (he first telescope part and at its lower end to 
the upper portion of the second telescope part 24. 
The cylinder Is thus located inside the first tele- 
scope par: 22 and is controlled via an electrically 
activated valve able to regulate the Quantity and 
rate of flow of the air. A pressure regulator is 
connected before this valve, to control the force in 
the cylinder so that it counterbalances the inherent 
load ana corresponding acceleration force of the 
first telescope part. By this function it can be 
predetermined that the first telescope part 22 shall 
enter the outer tubs 21 first when the hoisting chain 
or belt pulls the unit up when the unit is attached to 
the second telescope par; 24. When the first tele- 
scope part 22 has reached its upper end position, it 
vvii! be stopped by said hydraulic shock-absorber 
and will actuate an electric limit switch. At this 
instant the valve is actuated and opened which, via 
3 throttle valve, controls emptying of the cylinder 
and its compression, thus when the second tele- 



scope part runs into the first telescope part When 
both the telescope parts 22. 24 have been received 
in each other, the s-movement is complete and the 
entire lifting movement has been performed with 

s rotary operation. This is of considerable signifi- 
cance when dealing with robots since it results in 
lower costs and the movement can be controlled 
by means of pulse feedback to the control com- 
puter of the robot. During downward movement, the 

w same cylinder chamber is filled with air and at the 
same time the hoisting chain or belt is allowed by 
the rotary operation to run in the opposite direction, 
i.e. downwards. Due to the force produced by the 
air entering, the first telescope part will remain in 

15 its upper position in the outer tube until the second 
telescope part 24 is fully expelled from the first 
telescope part 22. When this has occured. the first 
telescope par; will move out of the outer tube 21 as 
the drive wheel continues to feed out the hoisting 

20 chain or belt. A full downwardly running z-move- 
ment !z, 0 ,j will nave been completed with one and 
the same rotating drive unit when the two telescope 
parts have reached their lowermost end positions. 

25 

Claims 

1, A plant for robot operations comprising a 
robot (2) disposed on a stand (1) and a plurality of 

30 work stations (3) served by the robot (2), the op- 
erating arm {45 of the robot (2} being movable to 
each work station ;3) from a starting position at the 
carrying body ;S) of the robot (2), characterized in 
that it comprises a barrier !S) defining a first space 

38 (6), m which the robot (2) is located, and a second 
space {7}; m which the work stations {3) are lo- 
cated, that the barrier |8) has sufficient strength to 
be impenetrable to the robot (2), and that the 
barrier (8; includes hatches (it)) disposed opposite 

40 each work station (3). each hatch f 1 G) closing an 
opening (9- through which the operating arm ;4) of 
the robot (2) is movable to serve the work station 
(3) when the hatch {10) has been moved aside. 

2. A plant as claimed in claim i . characterized 
in thai tne barrier (8) is disposed substantially 
horizontally to form a roof above the work stations 

3: A plant as claimed in claim 1 characterized 
in that the barrier (8) is disposed substantially 
vertically to form a wall between the robot and the 

so work stations. 

4. A plant as claimed any of claims 1-3. 
characterised in that the part of the second space 
(7) located between each work station and the 
barrier <3) is surrounded by removable guards !11). 

55 5. A plant as claimed in claim 4. characterised 

in that it comprises a device at each work station, 
which is arranged to close an opened hatch (10) 
when said guard ;11) is removed from the work 
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station in question, and a device which is arranged 
to permit removal of the guard (11) only when the 
hatch (10) is closed, and a device arranged to 
permit opening of the hatch (10) only whan the 
guard (11} is applied. s 

6. A plant as claimed in any of claims 1-6, 
characterised in that the operating arm o? the porta! 
robot is designed as a vertical telescopic arrange- 
ment carrying the tools serving each work station. 

7. A plant as ciaimed in claim 8, characterized io 
in that the telescopic arrangement comprises a 
fixed casing tube {21} secured to the horizontal' 
carriage (23) of the portal robot, a first telescope 

part (22) running inside the casing tube (21), and a 
second telescope part (24-; running in the first tele- ?s 
scope part (22), 

8. A plant as claimed in claim 7, characterized 
In that said telescopic arrangement comprises a 
continuous flexible hoisting means in the form of a 
hoisting chain or belt (28), secured to the lower to 
portion of the second telescope part (24) and run- 
ning over a plurality of wheels including a drive 
wheel (28), tension wheels (27. 29) anci pulleys 
(32), said hoisting chain or belt (26) being secured 

to the inside of the first teiescope part (22) via a ss 
tension spring (30) which compensates to varying 
excess lengths of the hoisting chain or belt (26) 
when the second telescope part (24) is retracted 
into the first telescope part (22) so that the hoisting 
chain or belt (28) is maintained taut. 3Q 

9. A plant as claimed in either of claims 7 and 
8, characterised in that the telescope arrangement 
comprises a pneumatic cylinder (33) with a mov- 
able piston joined to a piston rod (34), said pneu- 
matic cylinder (33) being arranged to retard and 35 
expel! the second telescope part -24) when this is 

to be moved in relation to the firs; telescope part 
(22). 

10. A plant as claimed in ciaim 9, characterised 

in that the pneumatic cylinder (33) is regulated by 43 
an electrically controlled valve by means of which 
air is filled into one side of the piston when the 
second teiescope part (24) is to be expelled from 
the first teiescope part (22), thus providing a bal- 
ancing or counteracting tome. m 
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